A search for a neutral heavy vector gauge boson, Z ′ , was conducted in pp collisions using 110pb −1 of dielectron and dimuon data obtained at CDF and ≈ 90pb −1 dielectron data obtained at D0 using the Tevatron accelerator at Fermilab. We obtain the 95% Confidence Limits on the cross-section × branching ratio for a Z ′ decaying to dileptons based on the combined data from CDF and D0. Of interest is the excluded mass region from E 6 based models.
We have searched for Z ′ decaying to dileptons (dielectrons and dimuons) using 110 pb −1 CDF data, and have set limits on its existence. Limits have also been set on Z ′ decaying to dielectrons using ≈ 90 pb −1 of data obtained at the D0 detector at the Tevatron. 1 The limits are expressed as follows:
This should be compared with the 42 fb obtained by the combined CDF data. The combined systematic uncertainty on the CDF data is ≈ 3% while that on the D0 data, at present, is tentatively set at 10%.
1
In the following discussion, we will suppress the quantity Br (the branching ratio), in fact we will assume that by the term cross-section (σ or σ lim ) we refer to the cross-section × the branching ratio in the appropriate channels. The limiting cross-sections (at very high mass) are defined by: (here we refer to the cross-section times branching ratio to the appropriate channel or channels)
where A, ǫ, L dt are the acceptance, efficiency and the integrated luminosity respectively, for each detector. We combine the two cross-section limits in the following manner:
The above expression is now easily tractable for combining several experiments and their systematics (especially based on their acceptances, etc).
We use the 10% tentative systematic error assigned to the D0 measurement, and a 3% systematic error for the CDF measurement. This systematic error in each of these cross-sections is converted into a systematic on the overall cross-section, as follows:
where the corresponding cross-sections are the limiting cross-sections at very high masses (M > 700 GeV), and the uncertainties are added in quadrature. The overall uncertainty comes out to be 6% on the combined measurement. We now convolute a gaussian with a width of 0.06 and a mean of 1.0 with the Poisson distribution, and use this to reconstruct the likelihood. We get the limiting number of events from this likelihood distribution. 5 This limiting number of events changes by ∼ 2%, and so does the cross-section. We will neglect this in our calculation. The limit on σ × Br(Z ′ → ll) without systematics is found to be 28 fb at very high masses. For the standard model Z ′ this corresponds to a region M < 740 GeV, which is excluded at the 95% Confidence Level. For non-standard model Z ′ , the excluded regions are easily ascertained from the theoretical limit curves. The corresponding mass limits are extracted from the plots. The exclusion limits for each of these models are shown in Table 1 . The above procedure is applicable to many other searches as well, especially ones where no candidate events have been found.
The following paragraph is highly speculative and is *not* meant for purists. It is of interest to note that both CDF & D0 have events with dielectron invariant mass ≈ 500 GeV/c 2 . The CDF event is a clean dielectron event (Run #59272 event#168524) Details of the D0 event are as yet unknown, so are their backgrounds. If it is a Central-End Calorimeter event, as is widely believed 4 , and if there are any methods for quantifying (even estimating) the backgrounds, it will be interesting to combine the data. With realistic E 6 based Z ′ models, and with two real events in the region of 500 GeV, some of the limits on the Z ′ will be much lower in the presence of Z ′ decays into exotic (and/or) supersymmetric fermions.
